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controlling	 transpiration.	Also,	 root-synthesized	ABA	 is,	 in	 some	plants,	 a	 systemic	 stress	 signal,	45 
travelling	 shootward	 to	prevent,	 among	others	effects,	 the	negative	 consequences	of	 soil	water	46 
deficit	 (Comstock,	 2002).	However,	 in	plants	 such	as	Arabidopsis	 thaliana	and	 tomato	 (Solanum	47 
lycopersicum	 L.),	 ABA	 produced	 by	 roots	 under	 water	 deprivation	 is	 unnecessary	 for	 shoot	48 
responses,	 leaving	 uncertainty	 on	 the	 chemical	 nature	 of	 the	 systemic	 drought	 stress	 signal	49 
(Holbrook	 et	 al.,	 2002;	 Christmann	 et	 al.,	 2007).	 Additionally,	 it	was	 shown	 in	 tomato	 that	ABA	50 
travels	 from	 shoots	 to	 roots	 under	 long-term	 drought,	 thus	 inverting	 the	 original	 hypothesis	51 
(Manzi	 et	 al.,	 2015).	 Other	 signals,	 such	 as	 hydraulic,	 electrical	 and	 chemical	 signals,	 including	52 
other	 phytohormones	 and	 changes	 in	 xylem	 sap	 pH,	 are	 therefore	 also	 thought	 to	 contribute	53 
[reviewed	by	(Huber	&	Bauerle,	2016)].	 It	 is	argued	however	that	positive	chemical	signals	alone	54 
cannot	 account	 for	 the	 initial	 stomatal	 responses	 to	 root	 drying,	 because	 of	 the	 relatively	 low	55 
xylem	transport	velocity	(Huber	&	Bauerle,	2016).	56 
Recently,	 the	 hormones	 strigolactones	 (SL)	 have	 been	 also	 proposed	 as	 signal	mediators	 under	57 
environmental	stress.	SL	have	pervasive	roles	in	development,	from	germination	and	reproduction	58 
to	root	and	shoot	architecture;	at	various	levels,	they	also	promote	the	interaction	with	beneficial	59 
root	 symbionts	 as	 well	 as	 with	 detrimental	 (micro)organisms	 [reviewed	 by	 (Ruyter-Spira	 et	 al.,	60 



















SL	 biosynthetic	 genes	 is	 increased	 by	 drought	 in	 Arabidopsis	 leaves	 (Ha	 et	 al.,	 2014).	 However,	80 
transcription	 of	 biosynthetic	 and	 SL	 transporter-encoding	 genes	 is	 repressed	 along	 with	 the	81 
accumulation	 of	 SL	 in	 non-mycorrhizal	 L.	 japonicus	and	 tomato	 roots	 under	 drought	 (Liu	 et	 al.,	82 
2015;	Ruiz-Lozano	et	al.,	2016).	This	is	surprising	per	se,	since	roots	are	the	main	SL	production	site	83 
under	 normal	 conditions;	 and	 suggests	 different	 dynamics	 for	 shoot-	 and	 root-derived	 SL.	 A	84 
negative	correlation	between	ABA	and	SL	levels	was	observed	in	non-mycorrhizal,	water-stressed	85 
roots	of	L.	japonicus	and	tomato	(Liu	et	al.,	2015;	Ruiz-Lozano	et	al.,	2016).	Since	drought	stress-86 
triggered	 ABA	 accumulation	 is	 hampered	 by	 exogenous	 SL	 in	 L.	 japonicus	 roots,	 the	 drop	 in	 SL	87 
biosynthesis	 in	 roots	 under	 drought	might	 have	 the	 role	 to	 allow	 an	 increase	 of	 local	 ABA	 and	88 
possibly,	also	of	its	levels	in	the	xylem	sap,	leading	to	systemic	responses	to	a	dropping	root	water	89 
potential	 in	 plants	 that	 rely	 also	 on	 ABA	 for	 chemical	 signalling	 of	 drought	 (Liu	 et	 al.,	 2015).	90 
However,	 the	 possibility	 exists	 that	 such	 drop	 has	 also	 a	 direct	 physiological	 effect	 on	 shoots,	91 
namely	 as	 a	 systemic	 indication	 of	 stress	 at	 the	 root	 level,	 since	 root-produced	 SL	 can	 also	 be	92 
transported	to	the	whole	plant	(Kohlen	et	al.,	2011).	This,	and	the	fact	that	SL	are	needed	locally	in	93 
stressed	shoots	for	efficient	control	of	water	loss	by	transpiration	(Ha	et	al.,	2014;	Liu	et	al.,	2015),	94 
led	 us	 to	 hypothesize	 that	 WT	 scions	 grafted	 onto	 SL-depleted	 rootstocks	 may	 behave	 as	 if	95 





normal	and	stress	conditions.	The	results	proved	that	 indeed	stomata	of	shoots	receiving	 less	SL	101 











were	 grown	 in	 inert	 substrate	 (sand:vermiculite;	 1:1,	 v:v)	 and	 the	 pots	watered	with	 Hoagland	113 
solution	twice	per	week.	The	three	grafted	lines	were	produced	by	the	clamp	grafting	technique	114 
on	 plants	 at	 the	 2/4-leaf	 stage	 and	 with	 stem	 diameter	 of	 about	 1.5-2	 mm.	Water	 stress	 was	115 
applied	to	plants	four	weeks	after	grafting	by	withholding	water	starting	at	day	zero	(T0);	shoots	116 
and	 roots	 were	 collected	 0,	 1,	 3	 and	 5	 days	 after	 the	 beginning	 of	 the	 stress	 (T0	 through	 T5,	117 














strand	 cDNA	 was	 synthesized	 from	 3	 μg	 of	 purified	 total	 RNA	 using	 the	 High-Capacity	 cDNA	132 
Reverse	Transcription	Kit	 (Applied	Biosystems)	according	 to	 the	manufacturer’s	 instructions.	 For	133 
transcript	quantification	of	SlCCD7,	SlCCD8	and	SlNCED1	by	quantitative	reverse-transcription	PCR	134 
(qRT-PCR),	the	StepOne	system	(Applied	Biosystems)	was	used,	with	transcript	of	the	Elongation	135 






Leaf	 water	 potential,	 stomatal	 conductance	 and	 net	 carbon	 assimilation	 were	 measured	 daily	142 
between	 10:00	 and	 12:00	 am	 on	 at	 least	 three	 plants	 per	 grafted	 line	 and	 independent	143 
experiment,	 as	 reported	 by	 Liu	 et	 al.	 (2015).	 Briefly,	 stomatal	 conductance	 and	 net	 carbon	144 
assimilation	 rate	were	measured	with	 a	 portable	 gas	 exchange	 system	 (GFS-3000,	Walz	 GmbH,	145 
Effeltrich,	 Germany)	 by	 clamping	 the	most	 apical	 leaves	 of	 a	 shoot	 in	 the	 leaf	 chamber,	where	146 
photosynthetically	 active	 radiation	 (1200	 µmol	 photons	 m-2	 s-1),	 air	 flow	 (750	 µmol	 s-1)	 and	147 
temperature	 (25°C)	were	kept	constant.	Environmental	conditions	of	CO2	 (450	ppm)	and	vapour	148 
pressure	 deficit	 (2.3	 kPa)	were	 stable	 during	 the	 10-day	 experiments.	 Leaf	water	 potential	was	149 
measured	with	a	pressure	chamber	 (Scholander	et	al.,	1965)	on	one	 leaf	per	plant,	 immediately	150 




the	 twig	 dipped	 in	water	 and	 then	by	 adding	ABA	 to	 5,	 20	or	 50	μM	 final	 concentration,	while	155 
continuously	recording	every	30	s	both	stomatal	conductance	and	transpiration	rates	as	detailed	156 
above.	For	treatment	with	exogenous	SL,	WT	plants	were	sprayed	with	a	5	µM	solution	of	racGR24	157 









Standards	 for	 didehydro-oronbanchol	 isomers	were	not	 available,	 so	quantities	 for	 this	 SL	were	167 
expressed	as	percentage	ratio	with	respect	 to	WT	root	 tissues	 in	 the	absence	of	stress	 (T0);	 the	168 
isomer	reported	in	Fig.	S2C	is	the	one	with	retention	time	of	4’	6’’	in	our	conditions.	The	extraction	169 
and	quantification	procedures	 for	 SL	were	performed	as	 previously	 reported	 (Lopez-Raez	 et	 al.,	170 
















of	 the	 didehydro-orobanchol	 isomers	 under	 unstressed	 conditions).	 The	 three	 SL	 metabolites	187 
decreased	 under	 stress,	 already	 one	 day	 after	 water	 withdrawal,	 both	 in	 WT	 and	 SL-	 roots,	188 
irrespectively	of	the	scion	genotype	(Supporting	Information	Fig.	S2a-c),	confirming	what	observed	189 
in	PEG-treated	L.	japonicus	roots	(Liu	et	al.,	2015).	190 
Measuring	 stomatal	 conductance	 and	 leaf	 water	 potential	 confirmed	 that	 in	 tomato,	 as	 in	191 
Arabidopsis	 and	 Lotus,	whole-plant	 SL	 depletion	 increases	 stomatal	 conductance	 and	 decreases	192 
leaf	water	potential	 in	 the	absence	of	 stress;	under	 the	same	conditions,	WT/SL-	plants	showed	193 
instead	 significantly	 lower	 stomatal	 conductance	 than	 WT/WT	 (Fig.	 1a	 and	 T0	 in	 Supporting	194 
Information	Fig.	 S3a).	Accordingly,	 leaf	water	potential	 values	were	 significantly	 less	negative	 in	195 
WT	leaves	grafted	onto	SL-	than	WT	roots	(Supporting	Information	Fig.	S3b).	Photosynthesis	of	WT	196 
scions	grafted	over	SL-	rootstocks	was	only	slightly	and	non-significantly	affected	by	the	reduced	197 
gas	 exchange	 of	 hetero-grafts	 compared	 to	 self-grafted	 WT	 plants,	 while	 both	 displayed	198 
significantly	lower	values	than	SL-	shoots	(Fig.	1b	and	Supporting	Information	Fig.	S3c).	199 
Under	 stress,	 the	 three	 grafted	 lines	 followed	 a	 similar	 trend	 of	 stomatal	 conductance	 and	 net	200 
carbon	 assimilation	 decrease,	 although	 starting	 from	 different	 values	 (Fig.	 1a,	 b).	 Under	 severe	201 
stress,	 gas	 exchange	 in	 leaves	 of	WT/SL-	 plants	 was	 comparable	 to	 the	WT,	 even	 if	 leaf	 water	202 
potential	 was	 less	 negative	 than	 in	 the	 latter;	 WT/SL-	 leaves	 also	 performed	 photosynthesis	203 
significantly	better	than	WT/WT	(Supporting	Information	Fig.	S3a-c).	SL-/SL-	plants	confirmed	their	204 
hypersensitivity	to	drought	for	all	parameters	tested.	These	data	indicated	that	SL	depletion	at	the	205 
root	 level	 reduces	 stomatal	 conductance	and	attenuates	 the	drop	 in	 leaf	water	potential	 in	WT	206 
shoots	 under	 drought,	 whereas	 SL	 depletion	 in	 shoots	 has	 opposite	 effects.	 After	 rehydration	207 









The	 analysis	 confirmed	 that	 in	 roots,	 transcript	 amount	of	 both	 genes	 inversely	 correlated	with	217 
stress	severity	for	all	grafted	lines	(Fig.	2a,	b	and	Supporting	Information	Fig.	S4a,	b).	In	the	shoots	218 
of	the	same	sets	of	plants	however,	 transcripts	of	both	biosynthetic	genes	followed	an	opposite	219 





we	 were	 unable	 to	 detect	 the	 final	 metabolites	 in	 these	 shoot	 samples	 (data	 not	 shown).	225 
Relevantly	here,	expression	of	both	biosynthetic	genes	in	WT	shoots	was	significantly	higher	when	226 
the	mutant	was	used	as	rootstock	(WT/WT	vs	WT/SL-,	Fig.	2c,	d	and	Supporting	Information	Fig.	227 










and	 suggested	 that	 a	 SL-dependent,	 shoot-to-root	 signal	 feeding	 back	 on	 the	238 
transcription/transcript	stability	of	this	gene	exists	in	tomato	as	in	Arabidopsis	and	pea	(Foo	et	al.,	239 




this	 sense,	 expression	 of	 SlCCD7	 and	 SlCCD8	 in	 the	 root	 seemed	 influenced	 oppositely	 by	 the	244 
ability	of	 the	shoot	 to	produce	SL.	We	may	hypothesize	 that	not	only	 locally-produced,	but	also	245 
shoot-synthesized	 SL	may	participate	 (directly	 or	 indirectly)	 in	 the	negative	 feedback	on	 SlCCD8	246 




former	while	 it	was	 further	 induced	 in	 the	 latter	 (Supporting	 Information	Fig.	S4d).	We	have	no	251 
easy	explanation	for	this	pattern,	which	might	however	be	due	to	the	fact	that	 leaves	of	WT/SL-	252 





To	 determine	 whether	 the	 effects	 of	 SL	 depletion	 on	 WT	 shoots	 may	 be	 due	 to	 altered	 ABA	258 
metabolism,	we	 set	 to	quantify	 this	hormone	 in	 roots	and	 shoots	of	plants	 in	 the	 three	grafted	259 
sets.	Previous	data	in	Arabidopsis	and	tomato	leaves,	and	in	Lotus	roots	and	shoots,	indicated	no	260 
changes	or	slight	decreases	of	ABA	correlated	with	SL	depletion	in	shoots,	especially	under	stress	261 
(Ha	et	al.,	2014;	Liu	et	al.,	2015);	ABA	content	was	reported	to	be	 lower	than	 in	WT	under	non-262 
stressful	conditions	only	in	CCD8-silenced	tomato	shoots	(Torres-Vera	et	al.,	2014).		263 
Results	 showed	 that	 under	 normal	 conditions,	 WT	 roots	 contain	 less	 free	 ABA	 than	 SL-	 ones	264 
(WT/WT	vs	 SL-/SL-	 and	WT/SL-	 plants,	 T0	 in	 Supporting	 Information	 Fig.	 S5a)	 per	 gram	of	 fresh	265 
tissue	weight.	As	stress	increased,	ABA	started	accumulating	in	roots	of	SL-/SL-	and	WT/WT	plants	266 
more	quickly	than	in	roots	of	WT/SL-	plants,	where	ABA	was	significantly	less	concentrated	than	in	267 
the	 roots	of	 the	other	 grafts	 (Supporting	 Information	 Fig.	 S5a).	 Correlation	 curves	 to	 leaf	water	268 
potential	values	were	however	substantially	superimposable	(Fig.	3a).	Transcript	quantification	for	269 
SlNCED1,	a	key	biosynthetic	gene	for	stress-induced	ABA	in	tomato	(Munoz-Espinoza	et	al.,	2015),	270 
showed	good	correlation	with	 free	ABA	content	but	 for	 a	 few	points	 and	grafting	 combinations	271 
(Fig.	 3b	 and	 Supporting	 Information	 Fig.	 S5b).	 These	 discrepancies	 between	 SlNCED1	 transcript	272 










SL	 depletion	 in	 the	 shoot	 partially	 compromises	 the	 ability	 to	 synthesize	 ABA.	 Furthermore,	283 














4),	 as	 hypothesized	 on	 the	 basis	 of	 the	 stomatal	 conductance	 and	 shoot	 ABA	 quantification	298 
experiments	 reported	 above	 (Fig.	 1a	 and	 3c	 vs	 Supporting	 Information	 S3a	 and	 S5c).	 We	 also	299 
tested	(at	5	µM	ABA,	the	concentration	for	which	differences	among	our	lines	were	more	evident)	300 
if	 a	pre-treatment	with	 the	 synthetic	 SL	 analogue	 racGR24	 could	by	 itself	 increase	 sensitivity	 to	301 




rather	 than	 to	 its	 absolute	 levels.	 This	effect	 could	be	 linked	 to	a	 local	 increase	of	 SL	 synthesis,	306 
given	the	higher	transcript	concentration	for	SL	biosynthetic	genes	under	these	conditions,	and	–	307 










stomatal	 conductance	values	of	WT	 shoots	 grafted	onto	SL-depleted	 rootstocks	are	 significantly	318 
lower	 than	 those	of	WT	 shoots	 self-grafted	onto	WT	 rootstocks	 in	 irrigated	 conditions,	 and	 are	319 
accompanied	by	less	negative	leaf	water	potential	values	and,	as	expected,	higher	intrinsic	water	320 
use	efficiency	 (defined	as	 the	 ratio	between	net	 carbon	assimilation	and	 stomatal	 conductance;	321 
Supporting	 Information	 Fig.	 S3d).	 These	 data	 support	 the	 idea	 that	 SL	 depletion	 in	 root	 tissues	322 
affects	 (directly	 or	 indirectly)	 the	 physiological	 response	 in	 the	 shoot	 and	 leading	 to	 better	323 
acclimatization	 to	drought.	 The	 ability	 of	 shoots	 to	produce	 SL	 is	 needed	 for	 this	 to	happen,	 as	324 
stomatal	 conductance	 is	 increased	 instead	 when	 the	 whole	 plant	 (and	 not	 only	 the	 roots)	 are	325 
CCD7-silenced;	 indeed,	this	 latter	condition	rather	 leads	to	drought	hypersensitivity,	as	shown	in	326 





levels,	 this	 hormone	was	 quantified	 in	 roots	 and	 shoots	 of	 plants	 in	 the	 three	 grafted	 sets.	 SL-332 
depleted	roots	and	especially	shoots	contain	significantly	more	ABA	per	gram	of	fresh	weight	than	333 













However,	 the	 results	 of	 the	ABA-feeding	experiment	 rather	 supported	 the	hypothesis	 that	 such	347 
phenotype	was	(at	least	partly)	due	to	stomatal	hypersensitivity	to	the	hormone.	Finally,	the	same	348 




Since	 our	 experimental	 set-up	mimics	what	 normally	 happens	 during	 drought,	we	propose	 that	353 
these	 findings	 are	 relevant	 to	 stress	 resistance,	 at	 least	 in	plants	 such	as	 Lotus	 and	 tomato,	 for	354 
which	a	drop	in	SL	synthesis	is	recorded	in	roots	experiencing	osmotic	stress	or	drought.	Such	drop	355 
might	promote	a	pre-alerted	(primed)	status	in	the	shoots,	which	become	more	sensitive	to	ABA	356 
at	 the	 guard	 cell	 level.	 This	 message	 may	 be	 conveyed	 directly	 (see	 below)	 or	 indirectly,	 i.e.	357 
through	a	second	messenger	that	ought	to	be,	at	 least	 in	tomato,	different	than	ABA.	 It	 is	to	be	358 
noted	 here	 that	 SL	were	 proven	 to	 cross-talk	with	 other	 hormones,	 such	 as	 auxins,	 cytokinins,	359 
brassinosteroids	and	ethylene,	in	processes	different	than	drought	responses	and	stomatal	closure	360 




one	would	 expect	 from	a	mediator	 of	 SL	 effect	 (because	 cytokinins	 promote	 stomata	 aperture,	365 
and	 SL-	 shoots	 transpire	more	 than	WT)	 (Foo	 et	 al.,	 2007).	Additionally,	 shoots	were	proven	 to	366 
possess	powerful	homeostatic	mechanisms	for	the	regulation	of	cytokinin	 levels,	that	are	 largely	367 
unlinked	 from	their	concentration	 in	xylem	sap	 (Foo	et	al.,	2007).	Resuming,	we	cannot	exclude	368 
that	 the	effect	of	SL	on	stomatal	closure	may	be	at	 least	partly	 indirect,	 i.e.	mediated	by	any	of	369 
these	hormones,	or	by	other	signals	yet	(and	indeed,	sensitivity	to	ABA	does	play	a	role).	It	would	370 
be	indeed	interesting	to	quantify	other	hormones	in	leaves	of	our	lines,	or	even	better	to	visualize	371 
their	 activity	 in	 guard	 cells;	 and	 to	measure	whether,	 for	example,	 the	 xylem	sap	pH	 in	hetero-372 
grafted	plants	is	different	than	in	self-grafted	[possibly,	more	basic	as	in	droughted	tomato	plants	373 
(Wilkinson	 et	al.,	1998)].	 It	 remains	clear	 that	plant	hormones,	 if	 capable	of	 travelling	over	 long	374 
distances,	have	a	slow	propagation	velocity	in	comparison	with	hydraulic	and/or	electrical	signals.	375 
However,	 the	 fact	 itself	 that	 in	 our	model,	 stomatal	 closure	 is	 rather	 induced	by	 the	 lack	of	 an	376 
inhibitor	in	the	shootward	flow	is	attracting,	because	its	decrease	might	be	perceived	faster	than	377 
flow	speed	would	predict	 for	a	positive	modulator.	 In	 fact,	 the	flow	 is	slowed	down	by	drought,	378 
thus	adding	to	the	decrease	of	the	 inhibitor	 itself;	additionally,	given	that	SL	are	degraded	upon	379 
perception	(Hamiaux	et	al.,	2012),	they	should	be	quickly	depleted	locally	unless	de	novo	synthesis	380 




gene	 activity	 might	 be	 due	 to	 the	 relief	 of	 direct	 repression	 of	 SL	 synthesis	 in	 the	 shoots	 by	385 
translocated,	 root-synthesized	SL;	a	known	pattern	 [e.g.	 (Johnson	 et	al.,	2006;	 Liu	 et	al.,	2013)],	386 








GR24	 treatment	 is	 sufficient	 to	 induce	 stomatal	 hypersensitivity	 to	 ABA.	 This	 latter	 effect	 is	395 




synthesis	 is	 compromised	 in	 the	 whole	 plant	 (Foo	 et	 al.,	 2001;	 Sorefan	 et	 al.,	 2003).	Whether	400 
osmotic/drought	stress	in	the	absence	of	such	decrease	in	root-synthesized	SL	is	able	to	stimulate	401 
a	 similar	 shoot	 response,	 is	 still	 to	 be	 determined.	 A	 schematic	 drawing	 of	 our	 model	 is	402 
represented	in	Fig.	5.	This	model	obviously	implies	that	the	shoot	is	able	to	discriminate	between	403 
root-	 and	 shoot-produced	 SL;	 this	 ability	 needs	 to	 be	 proven	 experimentally,	 but	 could	 rely	 on	404 
differential	 loading	 in	 the	 upstream	 flow,	 and/or	 organ-specific	 production	 of	 the	 structurally	405 
different	 SL	 molecules,	 which	 make	 up	 species-specific	 SL	 blends	 and	 whose	 ecological	 and	406 
physiological	meanings	remain	largely	unexplored	(Kohlen	et	al.,	2011;	Kohlen	et	al.,	2012;	Bharti	407 





be	advantageous	 in	 soil	 infested	by	parasitic	weeds;	 that	not	all	 SL-depleted	genotypes	are	also	413 
significantly	 compromised	 in	 mycorrhization	 (a	 possible	 detrimental	 side-effect);	 and	 that	 with	414 
respect	to	SL	synthesis,	drought	overrules	P	deficiency	under	combined	stress	(Kohlen	et	al.,	2012;	415 
Liu	 et	 al.,	 2015).	 Nonetheless,	 our	 results	 highlight	 once	more	 the	 importance	 of	 rootstocks	 in	416 
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Stomatal	 conductance	 (a),	 and	 mean	 carbon	 assimilation	 rate	 (b)	 as	 a	 function	 on	 leaf	 water	574 
potential	(Ψleaf)	of	grafted	tomato	plants	(WT/WT,	SL-/SL-	and	WT/SL-)	along	a	water-deprivation	575 
time-course.	 Full	 symbols	 in	 each	 series	 indicate	 rehydrated	 samples	 (recovery).	Data	 represent	576 
the	mean	and	SEM	of	n	=	6	biological	replicates	from	2	independent	experiments.	577 
	578 
Figure	 2.	 Effect	 of	 drought	 on	 the	 transcript	 amounts	 of	 SL	 biosynthetic	 genes	 (SlCCD7	 and	579 
SlCCD8)	 of	 roots	 (a-b)	 and	 shoots	 (c-d)	 of	 grafted	 tomato	 plants	 (WT/WT,	 SL-/SL-	 and	WT/SL-)	580 
during	a	time-course	(0,	1,	3	and	5	days	from	water	withdrawal	for	T0	through	T5).	R	indicates	the	581 
rehydrated	samples	 (recovery).	Gene	transcript	abundance	was	normalized	to	endogenous	EF1α	582 
and	presented	as	 fold-change	value	over	WT/WT	at	T0,	which	was	 set	 to	1.	Data	 represent	 the	583 
mean	 and	 SEM	of	n	 =	 6	 biological	 replicates	 from	2	 independent	 experiments.	Different	 letters	584 
indicate	significant	differences	between	plant	 lines	 for	 the	same	time	point,	as	determined	by	a	585 
two-way	ANOVA	test	(P<	0.05).	n.d.	=	not	detectable.	586 
	587 
Figure	 3.	 Effect	 of	 drought	 on	 free	 ABA	 as	 a	 function	 on	 leaf	 water	 potential	 (Ψleaf)	 and	 on	588 
transcript	 amounts	 of	 the	 ABA	 biosynthetic	 gene	 SlNCED1	 in	 roots	 (a-b)	 and	 shoots	 (c-d)	 of	589 
grafted	tomato	plants	(WT/WT,	SL-/SL-	and	WT/SL-)	during	a	time-course	(0,	1,	3	and	5	days	from	590 
water	withdrawal	for	T0	through	T5).	Full	symbols	(a,	c)	or	R	(b,	d)	indicate	the	rehydrated	samples	591 
(recovery).	 Gene	 transcript	 abundance	 was	 normalized	 to	 endogenous	 EF1α	 and	 presented	 as	592 
fold-change	value	over	WT/WT	at	T0,	which	was	set	to	1.	Data	on	ABA	represent	the	mean	and	593 






Stomatal	 conductance	 was	 measured	 at	 30-s	 intervals	 before	 and	 during	 ABA	 treatments	600 
performed	on	detached	composite	 leaves	from	grafted	tomato	plants	(WT/WT,	SL-/SL-,	WT/SL-).	601 
WT/WT	plant	 pre-treated	with	 5	 μM	 racGR24	were	 analysed	only	 for	 the	 5	 μM	ABA	 treatment	602 
(black	 bar).	 Values	 represent	 the	 mean	 and	 SEM	 of	 at	 least	 n	 =	 6	 biological	 replicates	 from	 2	603 
independent	experiments,	 and	 refer	 to	 the	 time	 (seconds)	needed	 for	 the	decrease	of	 stomatal	604 
conductance	 to	 start,	 from	 the	 time	 of	 ABA	 addition	 to	 the	 dipping	 solution.	 Different	 letters	605 





roots,	as	proven	by	racGR24	treatment	 in	L.	 japonicus	 (Liu	et	al.,	2015).	Thereby,	 the	drop	 in	SL	611 
synthesis	 in	 this	 organ	 under	 osmotic	 (PEG-infused)	 stress	 may	 be	 needed	 but	 not	 necessarily	612 
sufficient	 to	 let	ABA	 levels	 rise	 (results	untested	 in	other	plant	 species	 so	 far;	1).	 SL	 synthesis	 is	613 
inhibited	 in	 roots	under	osmotic/drought	 stress,	 so	 shootward	SL	 flow	decreases	 (2);	 in	 tomato,	614 
root-produced	 ABA	 is	 not	 translocated	 nor	 needed	 for	 appropriate	 shoot	 responses	 to	 stress	615 
(Holbrook	 et	 al.,	 2002).	 The	 effects	 of	 shoot-produced	 or	 exogenous	 SL	 on	 ABA	 sensitivity	 of	616 
stomata	 are	 in	 turn	 positive	 (3)	 [(Ha	 et	 al.,	 2014;	 Liu	 et	 al.,	 2015)	 and	 this	 work].	 SL	 flowing	617 
shootward	inhibit	the	transcription	of	SL	biosynthetic	genes	(thicker	line,	4),	as	reduced	quantities	618 
in	 the	 upstream	 flow	 (or	 possibly,	 a	 second	messenger	 –	 different	 than	 ABA	 -	 produced	 in	 the	619 
roots	 in	 response	 to	 low	 SL)	 are	 sufficient	 to	 let	 transcripts	 of	 SL	 biosynthetic	 genes	 increase	620 
(thinner	line;	5)	and	as	a	likely	consequence,	also	sensitivity	to	ABA	(6).	Whether	osmotic/drought	621 
stress	can	increase	SL	gene	transcription	and	ABA	sensitivity	 in	the	shoots	even	if	SL	synthesis	 in	622 
the	 root	 is	 not	 decreased	 is	 not	 known	 (question	 mark).	 Although	 SL	 remain	 undetectable	 in	623 
whole-shoot	analyses	of	stressed	tomato,	 localized	accumulation	may	occur,	as	proposed	(Liu	et	624 
al.,	 2015)	 and	 suggested	by	 transcript	 quantification	of	 biosynthetic	 genes	 (Ha	et	 al.,	 2015;	 this	625 































drought	 experiment.	 Soil	 RWC	 was	 gravimetrically	 determined	 by	 collecting	 daily	 soil	 from	
three	different	points	and	depths	in	each	pot,	to	assess	water	content	after	oven	drying.	At	the	
same	time,	the	soil	water	retention	curve	was	assessed	with	pressure	plate	measurements	of	
the	 potting	 substrate	 (Tramontini	 S,	 Doering	 J,	 Vitali	M,	 Ferrandino	 A,	 Stoll	M,	 Lovisolo	 C.	
2014.	 Soil	 water-holding	 capacity	mediates	 hydraulic	 and	 hormonal	 signals	 of	 near-isohydric	

















the	 didehydro-orobanchol	 isomer	 with	 retention	 time	 4’6’’	 (c)	 were	 quantified	 in	 roots	 of	
grafted	plants	 (WT/WT,	SL-/SL-	and	WT/SL-)	along	a	time-course	 (0,	1,	3	and	5	days	 from	the	




















































in	 each	 series	 indicate	 the	 rehydrated	 samples	 (recovery).	 Gene	 transcript	 abundance	 was	
normalized	to	endogenous	EF1α	and	presented	as	fold-change	value	over	WT/WT	at	T0,	which	


























plants	 (WT/WT,	 SL-/SL-	 and	 WT/SL-)	 during	 a	 time-course	 (0,	 1,	 3	 and	 5	 days	 from	 water	
withdrawal	 for	T0	through	T5).	Full	symbols	 (a,	c)	or	R	 (b,	d)	 indicate	the	rehydrated	samples	
(recovery).	Gene	transcript	abundance	was	normalized	to	endogenous	EF1α	and	presented	as	
fold-change	value	over	WT/WT	at	T0,	which	was	set	to	1.	Data	on	ABA	represent	the	mean	and	
SEM	 of	 n	 =	 4	 biological	 replicates	 (each	 replicate	 a	 pool	 of	 2	 plants)	 from	 2	 independent	
experiments.	Data	on	SlNCED1	represent	the	mean	and	SEM	of	n	=	6	biological	replicates	from	2	
independent	 experiments.	 Different	 letters	 in	 (a)	 and	 (c)	 indicate	 significant	 differences	
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Gene	ID	 Forward	primer	 Reverse	primer	 Reference	
SLCCD7	 GTTGCTCTTACCAATGGTTCAATTT	 TACATTCATCATGGAAGGATCAAAGTT	 (Kohlen	et	al.,	2012)	
SlCCD8	 CCAATTGCCTGTAATAGTTCC	 GCCTTCAACGACGAGTTCTC	 (Kohlen	et	al.,	2012)	
SlNCED1	 ACCCACGAGTCCAGATTTC	 GGTTCAAAAAGAGGGTTAG	 (Lopez-Raez	et	al.,	2010)	








Supplementary Table S1 
Gene ID Forward primer Reverse primer Reference 
SLCCD7 GTTGCTCTTACCAATGGTTCAATTT TACATTCATCATGGAAGGATCAAAGTT (Kohlen et 
al., 2012) 
SlCCD8 CCAATTGCCTGTAATAGTTCC GCCTTCAACGACGAGTTCTC (Kohlen et 
al., 2012) 
SlNCED1 ACCCACGAGTCCAGATTTC GGTTCAAAAAGAGGGTTAG (Lopez-Raez 
et al., 2010) 
SlEF1α GATTGGTGGTATTGGAACTGTC AGCTTCGTGGTGCATCTC (Kohlen et 
al., 2012) 
Primer pairs for transcript quantification via qRT-PCR 
 
